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FiREWORD

In 1962, the Civil Defense Shelter Program was underway and large
quantities of food were procured and placed in warehouses or in selected
shelters against a possible need during a national emergencyý The types
of food items utilized represented new formulations and new processing
procedures which had not been procured before. Therefore, there was
little or no information available regarding the storage stability for a
5-yeai period. Also the hermetically sealed metal containers selected
for the storage of the foods had not been tested in conjunction with
these specific products for a 5-year period under the variable conditio=6
likely to exist in shelters where theA-e may be no temperature and humi-
dity control. It was to simulate conditions likely to exist in these
shelters and to collect informational data at selected int.ervals over a
5-year period that this contract was proposed. This information wan
considered essential to the operation of the storage plan in providing
current guidance as to the success or failure of the food items.

On 20 June 1962, Contract DA 19-129-QM-2050 was awarded by the U. S.
Army Natick Laboratories to the Georgia Experiment Station, University of
Georgia, to provide facilities and collect data that would lead to a
determination of the long term storage stability and utility of Civil
Defense shelter rations and the containers in which they were stored.
Authorization for this contract is included in Work Order No. OCD-OS-62-156
between Department of the Army, Office of Secretary of the Army, Office
of Civil Defense and Department of the Army, Army Materiel Command.

EDWARD A. NEBESKY, Ph.D.
Chief
Container Division

APPROVED:

DALE H. SIELINC, Ph.D.
.Scientific Director

W. M. MANTZ
Brigadier General, USA
Commanding

iii



TABLE OF CONTrl,'':;

PaLge

Foreword iii

Abstract vi

Summary 1

Introduction 5

ResulLs 6

I. Fiberboard (V3c) Cases 6

I1. Metal Cans 12

III. The Rations 14

IllI A. Cereal Items 14

III B. Carbuhydrate Supplements 2%

Appendix 35

Table 1 - Bursting Strength of V3c Fiberboard 35

Table 2 - Moisture Content of V3c Fiberboard 36

Table 3 - Corrosion of Bakery Item Cans 37

Table 4 - Corrosion of Carbohydrate Supplement Cans 38

Table 5 - Defects in Can Coatings 39

Table 6 - Leaking Cans 40

Table 7 - Defects in Packages 41

Table 8 - Breakage of Products 43

FTable 9 - Sensory Scores for Appearance. Color, & Texture 45

Table 10 - Hunter Color Values 4ý6

Table 11 - Fracture Strength of Ration Units Il

iv



Table 12 Residual Oxygen in Cans and Moieture

Content of Ration Units 49

T',I!,: I i,-.1 1,.i y Vailuas of FaLs from Sheltev RaLiorij 50

Table i1/ - ,ensory -;cort-.s for Aroma and Flavor 51

Table 15 - Hedonic Ratings for Aroma, Flavor and Palatability 52

Table 16 - Correlations of Palatability Ratings with other
Measurements 54

Table 17 - Results of' Seam Tests on Candy Bags 55

Table 18 - Physical Condition of Candy 56

Table 19 - Sensory Scores for Appearance, Color and
Texture of Carbohydrate Supplement 58

Table .20 - Hunter Color Values of Carbohydrates, Lemon Type 59

Table 21 - Ih ,i'ur Color Values of Carbohydrates, Cherry Type 61

Table 22 - Moisture Content and pH Values of Carbohydrate
Supplements 63

Table 23 - Sugar Contents of Carbohydrate Supplements 64

Table 24 - Sensory Scores for Aroma and Flavor of
Carbohydrate Supplement 66

Table 25 - Hedonic Ratings for Aroma, Flavor, and
Palatability of Carbohydrate 67

Table 26 - Correlations of PalaLabiliLy RaLingu with
Other Measurements 69

V

-.- - I -. • •,~ -. • • . _ _ -_.. - _ --- -•2 .,•.• _ _ •• . .. . _ _ ' •



ABSTRACT

Progress is reported on storage of (1) 4 lots of survival crackers,
4 lots of survival biscuits, and 2 lots of bulgur wafers for 36 months,
and (2) 3 lots of carbohydrate supplement for 18 and 24 months, at
100F/80% r.nj.: 1000/57%, 700/80%, 700/57%, 400/57%, and O°F. Two special
cases of biscuits from approximately 1j2 months storage in a GSA common
storage warehouse are also reported on. Data include (a) bursting strength,
moisture, and general condition of V3c fiberboard cases, (b) corrosion,
coating defects, and leakage of 2½-gal. and 5-gal. metal cans, (c) general
package and product condition, (di rosidual oxygen., fracture strength,
moisture, peroxides, and free fatty acids of the wheat pr-oducts, (e)
moisture, pH, and sugars of tha supplements, and (f) color, sensory quality
and hedonic ratings for all products,

m
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SUMMARY

Annual Report #IV includes results of examinations of stored shelter
rations as follows:

Codes Products Storage Periods

CDl, 3, 5, 8 survival cracker 36 months

CD2, 4, 6, ! survival biscuits 36 months
SA* " " ca 42 months

CD9, 10 wafers, bulgur wheat 36 months

CDU1, 12, 13 carbohydrate supplements 18 and 24 months

*Trwo cases (12 cans) from General Services Administration common storage

warehouse, Seneca, Illinois.

I. Fiberboard Cases.

I.1. Bursting strength, inversely proportional to storage temperature,
ranged from 91 psig below initial at 100OF to 51 psig above initial at
00 after 36 months in storage. Cases below 400 psig, initial mean 3.5%,

ranged from 83% at 1000 to 5% at 400 and 0°F, average 33%.

1.2. Moisture content, inversely proportional to temperature and directly
proportional to relative humidity, remained practically unchanged during
the 1965-66 period; mean contents ranged ?.0-12.2%. There was no indication
of decrease in "wet strength" of the board.

1.3. General condition, of the cases remained satisfactory for continued
storage.

1.4. Case markings remained essentially unchanged from condition as
received.
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SUMMARY (cont'd)

II. Metal Cans.

11.1-3. External corrosion of cans remained essentially unchanged during
the c•rrent period, oeccoeJ*j1iia a moderate increase in panel rusting of
2A-gal. cans.

11.-4. Coat--ngs remained unchanged; no evidence of softening of flaking
were observed.

11.5. Leaking cans did not increase during the third jear, and no leaks
were attributed to corrosion.

II. GSA. The 21-gal. cans from General Services warehouse had slightly
less corrosion and abrasion of coatings than did the cans from the CD
study.

ITJ. Rtat. ol-,..

-II.A. Cereal Items.

JII.A.l.a. Package seals and materials of glassine continued to increasein breakage by ca 3% seals and 2% packages per year, but results were

quite variable; waxed paper remained a better wrapper, and cellophane
a poorer wrapper than the glassine. GSA biscuits, in glassine, averaged
33% more broken packages than did the CD items.

III.A.l.b. Breakage of products, which increased quite erratically through
24 months, did not increase during the third year. GSA biscuits averaged
21% more breakage than CD biscuits and 12% more than half of the CD cracker
items.

III.A.2.a. Sensory scores for aPPearance-color averaged as high as initial
scores, the only differences being higher scores for lighter-baked items
and a 0.15 reduction in samples from 100*F as compared to those from 00
storage.

III.A.2.b. Hunter color values continued to indicate moderate glazing
of product surfaces and slight to moderate fading of red color at
higher temperatures, with very slight browning in a few samples.
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SSU4ARY (oxitl'd)

III.A.3. Fracture strength changed relatively little during the third
year, continuing to indicate rather indefinite tendencies to increase
slightly with time, particularly at lower temperatures.

III.A.4.a. Residual oxygen averaged slightly higher than at 24 months,
current averages being ca 9% at 100*F, 14% at 70*, 16% at 400, and

. aL -• " . W¢afers remained lower than creackers and biscuits.

III.A.4.b. Moisture contents continued to exhibit no apparent rclatiori-
ship to storage time or temperature, varying only with items and products.

III.A.4.c. Peroxide values averaged slightly higher than after two years;
free fatty acids increased seriously during the third year at 100 0F, but
not at 10° or below.

III.A.2-4. GSA biscuits were darker than the CD biscuits, moderately hard,
and 0.7-2.0% lower 'in moisture than were the CD biscuits or crackers.
Oxygen content oZ cans was "average", or under 18%, and the biscuits
were not particularly stale or abnormal in peroxide and free fatty acid
content.

III.A.5.a. Sensory scores for texture indicated no serious change with
storage; a and flavor scores indicated borderline acceptability
for crackers and two of four biscuits from 100OF at 36 months, but
wafers were less affected by higher temperatures.

III.A.5.b. Iledonic ratings corresponded relatively closely with sensory
:;cores, although somewhat higher and remaining above the borderJ-iZo
rating of 4.00 on palatability even from 100OF storago. G3A b"vOufitu
averaged slightly higher than did the CD items or1 sewa2ory ana h110o16i C
scores.

Ii..A.5.c. CorTelations of ualatability, with other measurements continued
Lo exdhibit definite trends associated with storage temperatures, and to
a lesser extent with storage time.
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St.-IIARY (Cont' d)

III.B. Carbohydrate Supplements.

III.B.l.a. Condition of bags changed during the second year by slight
increase in number and extent of seam separations on seam test;
only one item (CDI3) had seams (ca 9%) which pulled completely apart.

III.B.l.b. Condition of c-ndies exhibited no apparent association with
storage variables, except ,aoderate color, aroma. and flavor changes as
noted below.

III.B.2.a,b. Sensory scores for appearance and Hunter Color values
indicated moderate darkening and slight glazing at higher temperatures.
Aaximum changes averaged ca 1.5 score points at 1COF, 0.5 at 700,
and results were quite variable within items.

III.B.4.b. looisture content varied with items, averaged swAme as initial,
with some suggestion of higher values froia OOF storage.

III.B.4.d. pH values varied only aiwiong items and in certain "odd"
samples; a suggestion of lower values at 100lF, or higher at 0*, was
not generally significant.

III.B.4.e. Sugar contents varied axmong items and odd samples, with no
definite tewperature effects; the only definite time effect was some
increase in variability among s&.ples.

III.B.5.a,b. Sensory scores and hedonic ratings for samples from 1COoF
storage averaged ca 1.1 and 0.5 lower than those from lower temperatures,
because of loss of aroma and flavor and development of slight "terpene"
character at 1CO°.

III.B.5.c. Correlations of palatability with other measurements were
still largely indefinite, although certain temperature influences
were suggested.
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STORAGE STABILITY OF CIVIL DEFENSE SHELTER RATIONS

J'TUrDY C' _!L Cii. zT'AIITY OF C-,IL .'_ : CCD

hIiUTRLDUCTION
Due to variations in periodic examination dates for the 13 items

held in storage during the fourth year of the study, the total period
covered by the present report was 9 November 1964 to 21 March 1966.
Storage conditions for this period averaged (with standard deviations
above and below averages) as follows:

Code Temperature Relative Humidity
OF Percent

100/80 99.9, +1.6, -1.3 80.3, +3.5, -5.7
100/57 99.8, +1.7, -1.8 57.5, +3.1, -3.1

70/80 70.1, 40.8, -1.0 80.6, +2.3, -2.7
70/57 70.1, +1.4, -1.3 57.9, +3.2, -3.1
40/57 40.3, +2.0, -2.0 56.9, +3.6, -4.0
0/axab 0.1, +3.0, -1.4 ambient

,hs noted in previous reports, deviations in storage conditions
were those recorded in center air spaces in the rooms, resulting
largely from opening doors for inspection, maintenance, and removal of
samples--considerably smaller fluctuations may be assumed inside cases
and cans.

Products and examinations included in the report are as follows:

Code Product Contract Storage Periods

CD1 Cracker 2692-62 36 months
CD3 Cracker 2689-62 36 months
CD5 Cracker 2687-62 36 months
CD8 Cracker 2691-62 36 months

CD2 Biscuit 2686-62 36 months
CD4 Biscuit 2694-62 36 months
CD6 Biscuit 2688-62 36 months
CD7 Biscuit 2687-62 36 months
GSA* Biscuit 1957-62 ca 42 months

CD9 Bulgur wafer, white 2254-62 36 months
CD1O Bulgur wafer, red 2254-62 36 months

CDll Carbohydrate supplement 24,018-63 18 and 24 months
CD12 Carbohydrate supplement 24016-63 18 and 24 months
CD13 Carbohydrate supplement 24023-63 18 and 24 months

*Two cases (12 cans) of biscuits, pack code 8920-823-7367, from
General Services Administration common storage warehouse, Seneca,
Illinois.

2'2 1o.• ,j -,V -5-



Examinations of samnples from the six storage conditions at the three
periods included one case and two canz per sample, with the exception that
two cases of Oiscuits with six cans each were ex~nidned from the GSA colrinon
storage warebuse.

Statistical treatment and arrangemient of data were essentially as

described in Report #11I, p. 6 (19 July 1965).

RESULTS

I. Fiberboard (V3c) Cases

uiiples of itemns CD2 and CD5-CDl3, packed 2 cans (5-gal,) per case,
consisted of I entire case; those of items CDI, CD3 and CD/1 ., packed 6 cans
(2'-gal.) per case, included only 1/3 case. The 36-months samples of
CD1 were the second from cases opened at 24 months, while those of CD3 and
CD4 were the final 1/3 of cases examined at 18 and 24 months.

Data for cases of bakery items (a) and carbohydrate supplements
(B) are reported together in this section.

I.A.B.l. Bursting Strength. (Table 1)

Bursting strength of the cases continued to decrease at 1CO0 F, with
some increase at 400 and O°F, during the third year of storage of the
cereal itehis. Results were less definite for the second year with the
carbohydrate supplement cases. Mean changes from initial values for
bursting strength at various periods of storage were as follows:

Bursting st rength, change from initial: (pounds)

1-•Onths Dal'ey- ItL Cases Odrbohydrate Speen1t Cases
temp., F. 6-12 18-24 _36 22 _18

1000 -48 -74 -91 40 -58 -27 -57 35
700 - 1 -16 -11 38 -19 26 - 2 32
40( 22 22 37 33 6 39 -2 22

00 20 37 51 42 -12 37 30 63

AllI cases decreased at lCO0 F, and CD9, CD1O, CD11 cases decreased
a:t 700. jUl except CD9, CDl2, CD13 gained at 400, and all except CD5, CD9
and CD13 gained at 0'. As seen above, variations were somewhat greater
at 00., particularly among candy item cases, than at higher temperatures.

SWith reference to the specified minimum bursting strength of
4C0 psig, 4 of 6 cases of CD5 and 0D12 averaged below this value

221.? -6-
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(av 369) on initial examination, and numbers varying from 1 to 19 of
other cases, excepting those of CDg, dropped below 40O psig during
storage. Time and temperaLure patterns of these drops were as follows:

Bursting strength, percent of cases below 400 psig:

Months Bakcry Item Cases Carbohydrate-Suo~lement Cases
temp, F 0-12 8-24 Mean 0-12 18 2A Mean

l000 31 61 83 53 67 67 67 67
70° 7* 8 11 8* 33* 17 17 27*

400 6 0 0 2 33 33 33 33
00 ii 6 11 9 50 33 0 33

mean 14* 24 33 22* 44* 39 '3 41*

*Includes initials.

By items, cases under 400 lbs averaged 5% for CD4 and 7; 12% for
0D2, 6 and 11; 21% for 'D1 and 3; 29% for CD9, 10 and 13; 58% for CD5
and 81% for CD12. Mean values for the cases under 400 lbs were 369
at 0-12 months, 372 at 18-24 months, 368 at 36 months; and 367 at
100'F, 380 at 70", 373 at 40', 374 at 00; the lowest average was 314
in CD12, 1000/80% at 12 months. These data indicate relatively
definite time effects at 100'F, less definite effects at 00, with
large variations in 70° and 401 results and in items.

I.A.B.2. Moisture Content. (Table 2)

There -were no general trends for change of moisture content of
cases during the third year of storage (second year for cases of
carbohydrate supplement). The pattern of moisture directly proportional
to relative humidity and inversely proportional to temperat"ure may
be seen in Table 2. Ranges among the 13 items at the curr'ent period,
and differences and deviations of differences between current values
and those of the previous storage year, were as follows:

Std. Dev.
Condition Range Mean 2f. __ of differences
°F/%r.h. current last 12 m-o.

100/80 0.9 .13 .16
100/57 1.0 .07 .38
70/80 1.5 -.10 .19
70/57 0.8 -. 15 .25
40/57 1.6 .19 .61

0/amb 2.2 -.15 .
Mean --. 04 .38

"" iii" -7-



The standard errors of differences were -1 .26 for conuition means,
i .19 for it.3m means, indicating oy comparison with the data above
that the only variations of significant magnitude were the ranges and
deviations of items in rooms.

Mean correlations of moisture ccntent with bursting strength
were + .547 within items and + .534 within conditions. While
accounting for less than 30% of the variance, the relationship is
positive and statistically significant, indicating a slight tendency
for bursting strength to increase instead of decrease with increased
moisture; i.e., the "wet strength" characteristics of the cases were
very good.

I.n.B.3. General Condition of Cases.

All cases remained in satisfactory condition for continued
storage beyond the third year, although they were generally less
"fnew" in appearance than were those received from ca 31 years of
storage in the General Services Administration warehouse. The GSA
cases apparently came from "inactive"' storage, whereas rooms used
in the present storage study are also employed for in-and-out
storage of other types of packaged products, resulting in moderate
amounts of "wearing" of the CD cases. There have, however, been
no case failures even under these "activc" conditions, and changes
during the current storage year were vvry slight.

Loose seals. There were no pulled staples or unglued flaps; some
evidence of inadequate spreading of adhesive on the flaps was
observed in 14 of the 30 cases of CD3, 4, 5, 7 and 11. Rated on a
0-9 scale, this defect was noted in 4 cases initially, averaging
0.40 ± 0.34,) or very slight. it 36 months (24, months in CDII),
rat-ngs among 13 cases from both 1CO and 70*F averaged 0.58 -k .28
(up 0.36 t .39 from the last year), whereas only 1 case (CD7, rated
0.6) was observed from OF and none from 40%F. Uith reference to
storage humidity for the 13 cases from 1C00 and 70', those from 80%
averaged 0.59 - .24 (up 0.31 -± .38), those frcm 57% averaged 0.57 ±
.31 (up 0,41 -± .40). Hence some increase in "inadequate spreading"
which imight be attributed to slight loosening around the edges of
the adhesive is suggested at the higher teml1 cratures, apparently not
influenced by differences in relative humidity, but the evidence to
date is far from conc]usive.

Delaminatuion. O•e flap on each of 5 of the 60 cases of cereal products
was partially delaimanated; these wer- CD1 and CD4 from 700/80% (average
1.75 *- .25) and CD8 and CD10 from 100'/57% and CD10 from 40'/57/0
(average 02t? t .17). As one case (CDh,) was rated 4.0 for panel
delamination from 7 0'/80% at 24 montnis, there appears to be some
evidence of a tendency for delamination at this storage condition,

- -0- III



buL an incidence of -) cases averaging 2.5 ± 1.1 from 20 casce, with
two of these involvinjg flaps, is not considered serious deterioration.

kold. Of the 245 casvs examiacd aftri 12 to 36 monLhs of storage above
O°F, small areas of moid were notcd on the outside of 17 cases and
inside 23 cases, Thvse occurred as follows (ratcd at 0 = none to
9 = ccmpletely wolded);

12 ýý 18 ir.e_ 26 zonth- 36 months
case_. r-atine cases_ ri cases ra_ ti P

outside mold:
lO/80% 3 .83 -- .51, - 1 .50
70-/80% 5 1,12 1- .74 3 .83 1- .21 5 .48 1- .27

inside irold.:
100°/80% 2 .30 "1 .10 5 .60 -1 .36 3 .50 i- .10

70o/80% 1 .30 2 1.05 -1 .45 5 .84 * .76
57% r.h. - ,50 - .13 -

For outside mold, these represent ca 6% of cases examined from
400-ICO1 F at 12-24 months (mean rating 0.96) and 12% at 36 months;
inside mold ca 3% of cases at 12-18 months and 18% (mean rating 0.67)
at 24-36 months. It is apf-arent that the major increase was in
incidence, not in extent or severity--practically all mold observed
was of the shcrt-t'ilament or "fuzzy' tyre, i-Hirating very slow
growth, and causing little or no damage to the cases.

6weatino Cases. iLvidences of moisture staining of outside of cases
averaged as follows (rated at 0 = none to 9 = very severe):

Condition Cereal Items Carbohydrate Supplement
0F/% r.h. 36 months 24 months

100/80 .65 1- .29 .73 "-± .34
100/57 .39 - .13 80 -k .20
70/80 .73 :- .27 1.10 ± .70
70/57 .47 t .22 .67 ± .34
40/57 .65 ±.- .20 .77 * .17
0/anab .28 -t .27 .60 -L- .22

item mean .53 ± 409 .78 ± .23

Ratings averaged .06 ± .23 hi-her than previous highs for the
10 cereal items, but .84 -1- .23 lower for Lhe 3 carbohydrate
supplements. Current and previous higher ratings for the supplý,,Lent
cases apparently resulted from their having been stored later than
were the cereal items, and therefore stored nearer the doors or

,-9-



corners of the rooms where atinospheric fluctuations were more pronounced,
None of the sweating has resulted in any real damage except to appearance,
but it has probably contributed LL the iiicreased incidence of1 mold.

Sweating, of cans in cases. Noisture staining of insides o2 cases and
of outsidQ surfaces of cans, while rated separately, have remained
nearly the same, so are evaluated together. Aver'age ratings, on
the usual 0 to 9 scale, were as follows:

Condition Cereal Items Caroohydrate Supplement
orF/% r.h. -6 .onths 214 months

100/80 .96 k .10 1.07 :r .19
100/57 .57 - .33 1.08 ± .32

70/80 .9, z ./41 1.02 ± .32
70/57 .58 -1 .30 .97 Hi .22
40/57 .L9 t .)0 .88 t .28

O/amab .50 - .22 .75 ± .22

item mean .67 ± .24 .97 "± .12

Ratings averaged .CO : .29 in comparisons with previous. highs
for the 10 cereal items, with an .18 ± .11 increaue for supplement
cases and cans. The live heavy-can items (CG.D-CD13, weighing 71-78 ibs
A er case) averaged .35 -± .11 higher sweating inside cases than did
the lighter items (CD1-CD8, weighing 34-I40 lbs per case if the 6-can,
55 lb cases of 24 gal. cans are averaged at ca 36 lbs, since they
are samnled three times). The tendency &or moisture condensation to
increase with density of packaged foods was proviously demolnstrated
with coiunercial canned items a

1-1 "11 * b st. c a.; o. . • ,a 11. • 1 V a&.

received, the originally daoiaged cases had been used, and the stacks
were one case shorter than at the Previous exariination period. This
resulted in lower ratings for collapse (bulged ,-anels and ends) than
those received the year bQfore, oy an average o' .34 less for cereal
item cases and .60 less Zvr cases of supplemient.

The data indicates that th,; cases have apparently tended to
"scttle downl", as temperature and humidiLy differences are less clearly
dofinod than on so,.e of the forieir examinations. 'There were no
eollapsed cans, so case "collapse" was not considered a serious problem
in the 5-case stackls, now reduced to 4 case* in most stacks.

a' . Heatcn, C. F. hayan and J. G. dIoodroof. 1957. Heat and Vapor
4io, ement on eirfigerated Packagcd Gocds. Refrigerating Engineering
65(s) :42.
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iican ratings by weight classes and storage condiLions were as
follows 4

Case 'A. ILems Col.a))se Condi t, on Collapse
av. lbs. CD ý6 i;.onth h 3- 1 honLhs 18-21 rnonths

cereal supplement

34 2,7,8 .39 - . 3 3 COA/O .70 ±" .3#4 73 * .25
40 5,6 .61 -t* .I2 100/57 .40 x .27 .85 * .32
55* 1,3,4 .51 - .39 70/80 .55 ± .31 1.07 - .46
71 9,10 .81 / ,46 70/57 .55 * .50 .82 ± .27
78 11,12,13 .89 *- .3.., 40/57 .69 t 449 .82 - .21

0/ai.,b ,12 -: 4,6 1*08 ± .22

*Cases originally ccntaining s..x 2j-gal, cans, sampled
at three periods each.

I.A,0.4. Condition of Markings.

The print and other markings oa all cases was easily legible and
generally little changed from initial ccrdition. MHean values for
cereal cases at 36 months and carbohydrate supplement cases at 24
months, as compared to initial ratings (usual 0 to 9 scale) were:

Fading of iii~ar gs Blurring of Markings
Storage cereal s uly--en cereal suRol ement

initial .36 ± .28 ,05 * .05 .41 1 .41 .08 ± .07

100/80 .27 * .22 .27 * .24 .50 1 .25 .40 ± .CO
100/57 .29 t .11 .33 T .17 .45 - .22 .33 -! .05

70/80 .16 t .16 .23 ± .23 .-5 ± .22 .33 ± .13
70/57 .13 - .13 .07 - .05 .LO * .22 .53 * .17
40/57 .23 t .16 .23 -k .21. .52 ± .20 .40 ± .00
Oia.b ,.5 "-* .11 .17 ± . -7 .41 t .28 .37 ± .05

mean .20 "t .15 .21 T .18 .46 ± .23 .40 ± .09

The oily significant difference is in the very low initial
ratings for cariohydrate supplement cases; these were unusually clean
when received, but appeared quite sipdlar to the cereal item cases
after two years in the various storage rooms,

I.A.B.la-4a. Biscuits from General 6ervices Warehouse.

Reference to Table 1 will show that the mean bursting strength
of the GSA biscuit. cases waz 479 psig, case difference 8, rep
deviation 31, as compared to Lhe CD1, 3, 4 mean of 486 ± 40, rep
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deviation 35 * 7 for similar cases stored at 700F/57% r.h. Moisture
content of the G6A cases (Table 2) averaged 7,92%, case differenc,,e
.10, rep deviation, .02; th, CiA, 3, 4 case. averaged 8,32 * .21,
rep deviation .04, after equalization at ca the same atmospheric
conditions.

There was no evidence of mold outsidv or inLide the two Gý3A
cases examined, nor was there any delamination of' the fiberboard.
Glue was unevenly spread on the flap-s, leaving 1tose corners (rating

* 1.0). but there was no loosening of areas where '.ile adhesive had oeen
applied. .Evidence of outside swuating was rated U.6 -- .0, of inside
sweating 0.5 -z .3, moisture on cari 0.3 " ,3. Ctilapse rated 1.75 "
.25, largely because of puncturvj and dented cori:nrs which appeared
to have occurred during shippingr, after cases were removed from the
warehouse.

The print and other markings were in Qcod condition, rating
0.15 - .14 for fading and 0.32 ± .22 for blurring--the slight blurring
of a few areas also appeared to have resulted Largely from shipping
damage. In short, all indications were that the cases were in very
good condition as they came froi the General Jervices warehouse,

I1. Metal Cans

II.A.B.1-3. Location, Severity and Type of Corrosion. (Tables 3 & 4)

There was relatively little Qhange in corrosion during the
third year of storage of cereal itemsc, or second year for carbohydrate
supplements, except a moderate increase on the 2A-gal. cans stored
at 70 0 F.

jExternal rusting. The location of external corrosion remained
primarily along Lhe '"irped" areas adjacent to seams, with the
exception that considerable increases in panel and bottom rusting
were observed on Lhe 21-gal. cans stored at ;oth of the 70'F condiLions,
particularly those at 80% r.h. These averaged .65 above 21, mronths
(scale 0 to 9) and .58 above previous high ratings. The smaller
type cans at 700/57% were also above previous ratings, by .26, and both
oL' the 70' lots had more corrosion thaý corrLs3:onding cans at ICeo.
The lC0°, 40° and 0 sumall ca,-s averaged .03 -t .04 above 21:, months
values, i.e., no change, and were .10 t .02 under previous high
rat'i1r6, which occurred at 6-u8 rlcntis while the cans froia damaged
cases were being utilized. The same wao gunurally applicable to 5-gal.
calns, which averaged .08 -1 .16 less than at 24 n;onths and .57 -L .55
leIs than previous higlhs f(-r cereal iteis, and .08 ± .16 more than at
IS months Out .26 - .L1 less tlhan prcviou3 hiihs for the sulp-plement
caas. The sinail decreases in cereal cans were mostly at 80% r.h.,
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while the equally zAiiht, iicrua-i• suppleaent cans wcre at IC0
and 70"/ 57%. Tl:,es -i u~iit.C~ oczervej are shoun in Tables 3 and 4;
all cans were piAttdcl) and a f"w had surface corrosion as well.

Internal corrosion. Mkl internal corrcsion was surface type, where
products touched the can interior; as indicated in the tables, some
of these cntact areau wer'e adls sc.ohtly pitted. The only increases
worLh noting were irn 2--gai. canas it 1Ce0 and 706 in 80% r.h.; the
ICUO cans averaged .25 aLove 2q, months and .10 above previous highs,
while the '0, increases were .&0 and 613. The 2A-gal. calls from
other conditions averaged ,08 1 *C/ abUve 21, months, but .19 ± .16
below Previous high ratings. internal corrosion in the 5-ga-l. cans
of cereal itules averaged the aiiae (-x .12) as at 24 months but
.1±ý .1t below prvious highs, while that in supplement cans was
.10 -1 .13 above 18 n-&rd-hU and tLe uau.ic (- .06) as previouo Inaxilmuiln
ratings.

Thr(oug.h the currelt periods of storage, external corrosion has
been generally pr'olortional to tui.ipuraturo and humidity (excepting
the third-yoar increasea in 2_-za.L cans at 70°F) with no consistent
relationship to product type or can weight; the temperature and
hluidity pattern has remained, however, leso definite in the
carbohydrate supplements. Liternal corrosioi. has varied largely
with items, with no a parernt relaLionship to any other variable,
Neither external nor internal corrosion has been associated with
leaks, so the only si•:-fica.t detractions from rroduct quality have
oeen the unuightly staininb uf can and case ,urfaces (i.e., loss of
"fresh product" appearance) and a slight metallic taste of some of
Gho pieces of candy which were in co:itact with the cal walls,

I1,A,0.4, Defects of Cal Coatii,g•. (Table 5)

8gainr, as r-,eotortc. for Lre's.-uu e::u.ations, .o softcning or
other definite structural changes in can coatiings were observed.
Coa.Ling defects therefore i•mair1 .lacR of cover near seams and
in scraped or otherwise damaged areýas, with slight but, on the
2 4-gal, cans, increasing areas in which rust has loose ied coating
around this or oiscctinuouL; Si[0s on the panels. The extent of
such loosening was quite minor at the third year, so defect ratings
remained closely similar to ratings for external corrosion in that
coth resulted largely fro,.: areas having no coating.

The avvraLe -'atingz for coating defects were .13 * .09 below
those at 21, n'ciths and .1.8 * .11 below Irrvious highs for 21-gal,
calls) .0.1l2, t" .7 utder jrVices highs
for 5-gal. cereal it.ý;: cans, and .07 "-L ,1_ below 18 montis and .29
.16 under prvvious highs for cans of carbuhydrate supl.-lement. Thus
,irolonged storage result•A in leas cdaage (actually, practically none)
than did disrupt kcn of the c.aatI:u£s :iv sa..:ing a.,A handling.
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II.A.B.5. Leaking Cans. (Table 6)

iAS seen in Table 6, there have been no leaks in cans of wrafer
0CDI, and only one questionable leaker in cracker CD8 and two in
biscuit CD2. Leaks in biscuits CD4 and CD6 appear to have increased
with storage, at least up to 24 months. Other leaks, ranging by
iteras from ca 1.5 to 11.3 percent of all cans examined, were
apparently not associated with storage tiLae or condition.

All questionable leaks (very slow or interrupted bubbling on
leak test, but some compositional evidence that the can had leaked)
were in top seams or side seams adjacent to tops. So were 76 of the
89 unquestionable leaks found through the end of the third year
(two years for carbohydrate supplements). These inadequate seals
apparently resulted from bent can flanges in many instances, as
lid flanges were flattened without proper insertion under the body
flange--in a few cans a perceptible gap remained between body and
lid. Of the other 13 leaking cans, 4 leaked through similarly
defective bottom seams, 5 through seams opened by dents apparently
incurred in shipping or handling, 1 at a pinhole made by a closing
chuck, and 3 (carbohydrate supplement) as a result of lids so loosely
crimped on that they were rer,,ovable by hand.

.I.A.B.la-5a. Condition of Biscuit Cans from General Services Warehouse.

The GSA cans were in somewhat better general condition than
were cor.i.parable 2 -gal. cans of items CD1, 3 and 4 from 70*F/57% r.h.
(Tables 3, 5 and 6).

Comaparable data were as follows:

GSA Cans CD1,3.4 cans: 70°/57%
mean case dif. can dif. mean can dif.

external corrosion 0.32 .03 .29 0.63 * .31 .20 * .00
internal corrosion 0.57 .13 .55 0.70 * .00 .39 ± .20
coating defects 0.67 .13 .55 0.70 * .20 .29 ± .10
leaking cains 0 in 12 - - 1 in 6 1 in 2

Coating defects of these cans were primarily scratches and scraped
areas from which coatings were missing.

III. The Rations

A. Cereal Items

III.A.l.a. Breakage of Package Seals and tUrapping Materials. (Table 7)

Seals Broken. There were still no broken seals in biscuits
CD2 (waxed paper) and CD6 (cellophane; only 1 broken seal, at 24
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, !ILIs). 'iscuit Gii (wa~xcd +i-ur) avtrjgC.J i.04,% (.aL1le 7), which
is 144% lower tlan at 13 ;;.crth. a,:d - , lowur than at 24 Itoths,
ilaferz CL9 and Cblo (waxvd I•lajsine) had 0.1,3% m'ore broken seals
than at 12-16 nILUithi. 3,L, *r, ore [hati at 21, :onLhs, but the CDIO
ILean of 1,.)% at jO aionths ±j the highest percentago of major seal
ureaks ousurved in these items. the other five items, biscuit CD4
and the four eracLi'.v'. (ail il wixn u CJ3ainc), averaged 13.2 1- 9.2%
at. )b mntnh, a-; ccrnii arcdl tr V. t 6.de it 21, i-.olh3 and 5.3 1" 44I,
;t 18 months. three of thus'e have iscr'uaacc at each examination
period (CD]l was high at 18 monLho, CIJ5 unustilly lew at 36 months),
and the eeneral avero,:oz "'or broi.en AlaJsisne sual~s at 12'-'.36 ilnths
wery 0.22, 3.16) 6,65, and 9.69%, roULjuctively. ihus the tendency
for increased leooserJ* of glassirne -eals with prolonjigd storage
jeemi relatively well esLablishee.

Althoughi Lhe largest individual t•u'cvntages of brok-n seals
have been observed from 70'F/80% r.h., fOllLw~d by tho 00/amb. and
100 /57% cnAcitions, the 6Lrnvral teml,}raLure effect, if any, remains
uncertain. The tUie effect has applied to each room, with the
single exception that thu rO°/dG% r-ean was 0,41% higher at 24 thall
at 36 months.

Fackw..i' Turn. Thurc have been no torn paciages in biscuit
CD2; although all units are packed on edge, the waxed paper has hold.
The other item in waxed paper, biscuit CD7 with only one-third of
the units packed on edge, has averaged 6.2% torn ackages (high
11.5% at 24 imntbs), Leing exceeded only by biscuit CL6 (ti-in
cellolphane, 86% of the units on eclge), which averaged 16.1%, .oith a
high of 35.1% at 24 1.10o.ths. -u:ong the glassine-,-rapped items, no can
of wafers has vxceedud 1.6% torn 1-aclages and the 36 months wafer
avurages of 0.53 and 0.26% (Table 'I) are the highest observed; these
items are closely packed and have rounded corners, although 97% of the

biScuiL CD4 (22-Cal. can, units all oa vdge) had 7,8% tearing at
36 ,0ecntlls, 5.4% for the last Lthre:v xauminations; cracker CDI (small
can, 60% on edge) had 7.2% at 36 u.ointh5 LuL only 3r1% foi 18-36 moiths
as compared to 4.2% for C43 (5-gal. ca.;, one-Lhird of packages on
ect•e); CD3 (sminall can, all on e1dge) and CL5 (large can, one-third
on udge) had *.V and 0,7% at 36 ,:onths, 2.8 and 1.8% for 18-36 months.
rhus the influences uf can size and of packing the units on edge
instead of flat were not Ocearly defined by overall percentages,
although mi.cn;t of the t.rn packages wore, in fact, those, resting on
the sharp eddo.i uf the units.

The L.I,..e effcct w+ 'as fairly well established, moanS for CDI and
C0D3-8 at 12, 18., 2, and _6 month-s being 1.7 - 2.1%, 2.8 -. 2.1%,
,.I, - 11.1% and 6.6 t 4.•%, resj.uctJvely, High mean values for
CU5, 6 and 7 occurred at 2. mnths, ail others (except CD2, %o tearing)
were at ILCI" Lcnth-.
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A temperature effect was suggested in that torn packages generally
averaged lowest from 40'F and next lowest from 1CO' (65% of all observations),
these being 2.86% for 40O and 4.09% for 1000 as compared to 8.88% for
70 c and 00 at 24-36 montns. excluding CD2. Teiiperature results were
relative]y variable. however, so the relationship remains somewhat
uncertain.

Total Packages Broken. Total breakage was the sum of bro,•en
seals and torn wrappers in CD5, 6, 7 and 10 (with none in CD2). The
other five items had "overlap" (packages both unsealed and torn)
ranging from 0.07% in CD9 to ih.1 6% in CO8, average 2.40%. Total
breakage averaged .CO and 5.90% for waxt:d papers (C12 and 7), 15.77%
for cellophane (0,D6), 15.87 ± 8.72/o for the four cracker items and
biscuit CD4 in waxed glassine, and 1.33 -z .27 for the wafers in

glassine. Values were less than half those at 24 months for the
CD7 waxed paper and CL6 cellophane, but somewhat more than the
12-18 months percentages of broken packages in these items. Breakage
of the glassine wraps has increased more or less steadily, previous
averages oeing 0.56, 6.55 and 11.72' at 12, 18, 24 months for the crackers
and biscuit CD4, and 0.68 and 1.06% at 12-18 and 24 months for the wafers.
Thus there is apparently a time effect on the glassine.

The temperature effect on total packages broken has remained
too variable for determining definite trends for the three years of
storage.

llT.A.l.b. Breakage of Products. (Table 8)

3c- araticn of Score Lines. ,,reaking aart at score lines was
apparently not associated w..th whether units were baked 2 or 4 per
l.ayer, or whether packages were stacked in cans with layers lying
flat or staiding on edge. There was generally more breaking apart
of crac'\ers than of biscuits (see Table 6).

An association of breaking with baking characteristics was
suggested; crackers CD1 and CD5 were moderately hard, dark-baked
iteRs, Lhtnce orittle, and most of the 2-unit layers of CD1 were also
slightly concave, causing them Lo separate with pressure strong enough
to flatten out the layers, Crackers Cb3 and CD8 and biscuits CD2
and CD7 were r " •rately baked, and all except CD2 are relatively
brittle in L.cxtuv, tcut CD8 has higher moisture, hence is apparently
les;.ý brittle. Biscuit CD2 had tougher texture, and CD7 had lower
moisture, caubing Cb7 to be more brittle. Biscuit 0l6 was baked
dark and wao the hardest and toughest of all the crackers and biscuits--
ap+arently too tough to break apart ea3ily. Biscuit C)4, however,
was the lightest-caked and most tender of all. the cereal items, so

its relatively low percentage of breaking apart seems not to fit
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into the pattern, until it is noted that this item had the third
highest percentages of moderately and severely broken units--
apparently the score lines were less easily broken than were the
very light-baked units.

There was no generally significant relation of score-line
breakage to storage temperature, although significant ranges were
found in crackers CD5 and CD8 and biscuit CD4. The only definite
time difference was in cracker CDl, which averaged 9.52 ± .32% higher
at 24-36 months than at 12-18 months; the other seven items averaged
0.24 -k 1.871 less at 36 months than at previous examinations.

C~hip-ed or crumbled edaes of wafers averaged ca 35 ± 4% for
the lighter wafer (C0D9) and 39-916 for the darker (CDlO), as
compared to previous averages of 35 ± 16% for CD9 and 55 - 21%
for CD10. These counts, not included in Table 8, have shown no
relationship with anything except can variation, and since the
slight crumbling of edges is more irritating than serious,
determination of this defect is being discontinued.

Noderate Breakage of Units. Mean breaking of cracker units
averaged 16.46 * .24% for CDI and C03 (dark bake, fracture ca 1400 g)
and 13.50 ± .45% for CD3 and C08 (baking moderate, fracture ca
1150 g). Biscuit CD4 (very liiit, fracture ca 11CO g) averaged
15.07%; the harder and tougher biscuits CD2 and CL4 had only 2.32
.40%, while CD7, which had less moisture and more brittleness,
averaged 4.82%. Breakage of wafers was very low, averaging only
0.30 - .06% of the units.

Temperature differences exhibited no consistent pattern, nor
was there a consistent time effect, Four items had more breakage
at 24-36 months than at 12-18 months, however; these increases
were 11.11 ± 1.73% to ].5.20 -k 2.16 for cracker CD3, 1.66 -. .03%
to 2.15 ± .22% for biscuit CD2, 12.20 -.L.93_' to 15.05 -4 .02% for
biscuit CD4, and 0.12 -± .02' to 0.32 t .0, for wafer CD9. Two
items decreased at 24-36 months, from 6.22 ± .44% to 4.84 -f .03%
for biscuit CD7 and 0.53 "- l .09'> to 0.30 ± .06% for wafer CD10.

Crushed Units. As ,.iay be seen in Table 8, percentages of
crushed or seriously broken units Collowed the general pattern
of score line and moderate unit breakage--crackers and biscuit CD4
had most of the crushed units. There has been no consistent
relationship of crushed units with storage temperatures nor with
storage time, with the exception that cracker CD1 averaged 1.10
.17% at 12-18 months and 0,32 :L .04/ at 24-36 months.

hile zresults have been giv-I1 in teritmu of percentages of all
units in a•l cans, only ca 52>* of Lhe cracker cans, 27% of biscuit
Cans, aid 3O of wafer cans examined from 12-36 months have had
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crushed units. In these cans only, extent cf crushing averaged
1.66 * 1.96% for crackers, (CD5, 81LJ )f canu averaging 1.80%; CD3
and CDB, 45% of cans averaging 1.41;j; C1Il, 3 io cans av-raiing
1.99%), 1.01 %t 1.02% for cijcuits (8,$ averaging 0.19% in CL2,
25% averaging i.f8% in CD/4, 31% avc'aging I.O7, in Cr6, 44ýo averaging

0.57% in 007), and 6.03 * 3.72/; for wafers (none in CL9, 6% of cans
in CD1O). There was again no consistcnt Ltso-ieaLiucn with te!_,per-at'.tu
or time of storaje.

Total Frcduct BreakaFge. The total breakage shoun in fable 8
is the sum of score line and unit Oreal,age for CL2, 3, 5, 6 and 7,
and is merely ulit breakage for wafers CI9 and CD10. For CD1, /,
and 8, only half the score-line oreakage is included as total,
because these are baked in 2-unit layers and thus have only half
as many score lines as units.

Results again suggvst the influence of item characteristics as
discussed above. Crackvrs CD1, 3 and 5 averaged 31.33 ' 1.56%,
while cracker C08 (higher w.oisture), biscuit CD4 (light bake but
relatively fragile) and oiscuit CD7 (lower moisture and more
brittleness) averaged 16.93 * 2.15%. Biscuits C.2 and C!,6 with
higher fracture stM'ength, averaged 6.10 z l.18>, and the cm:pactly-
packed wafers had- only 0.30 ± .065 breakage. Temperature differenoes
were non-significant, and while ca 2/3 of th• higher percentages
of breakage were found at the last two examinations, the time
effect is far fror deCinite. Crackers and biscuits averaged 18.65%
at 12-18 months, 21.52%•J at 24 months, 19.62i at 36 months; wafers
averaged 0.32%, 1.08•,6 and 0.30% at these respective periods.

III.A.l.a-b.i. Package and Froduct Breakage in Biscuits fron General
Services t!arehouse. (Tables 7 arid 8)

The GSji biscuics, averaging 444 units i er 2y.-gal. can, were
packed in waxed glassine, 2 units per iayur, average 13, 14, and

13 X 15 layers in the 15 packages per can. Packages were arranged
in 5 tiers of 3 pacýcages each, the tiers alternating with iespect
to units resting flat Or An ease; i.e., 40 t, 60,, 3f the units were
packed flat (or on edge). Thus the can, and the layer and package
arrqngeinent were simnilar tc cracker C00 and biscuit CD4, the
wrap yer and general Iacot"ing weru comparable to items C0l, 3, 4, 5 arid 8.

oeal breaks averagud -.x" 5.78,o (1, . in 3 cans, none in
cans), comparea Lo IC.35 : 9.)L ii tLi cracker and biscuit

glassine ,.rrap,,ers stored at, (0 1i, r.h. T Zorn packages, however,

aver'aged L7.78 5-. d" (Fanc; O-ICO,) as ccm.,ared [o 6.CO ± 8.COo
in Lhe CD ,acizages, 5so ucal unsealed racl:aces averaged 48.89 -+
32.993ý (2/3 of uackages wilt- i cruhn 3_.als were also Lorn) in the
O LI,,~.ZUi.ui, i5.O'{ "-: 12.) (,• j, cc., araj~.ic CL ite-ms.



The GSA biscuits resembled cracker CDi and biscuit CD6 in
color, being darker than the other biscuits and than crackers CD3
and CDC, but not as dark as cracker CD5. Fracture strength was
similar to that of crackers CD1 and CD5, lower than biscuits CD2
and CD6 but Iigher than biscui t,- (D4 and CD7 and crackers CD3 and
CD8. Moisture content was ca 0.7% lower than that of cracker CD5,
0.9-1,7% below the CD biscuits, and 1.5-2.0% below the other CD
cracke's, so the GSA product was relatively hard but also quite
brittle.

Score line bre!kage averaged 23.69 * 20.39% for the GSA biscuits,
nearly as much as the ca 25.4% of cracker CDI but considerably
above the other crackers (12.53 ± L1.. 18%) and the CD biscuits
(5.48 -- 3.28%). iioderate unit breakage was 12.46 * 7.16%, also
above the 5.23 ± 3.43% of the CD biscuits and the ca 10.7% of cracker
CD5, but below the 16.17 * 2.54% of the other CD crackers. Crushed
GSA biscuits averaged 7.56 "- 11.26% (6 cans had none, others
ranged 1.8-35.1%), much higher than the 0.50 ± .22% of the CD
crackers and biscuit CD7 (CD2, 4, 6 had none at 700F). Total
breakage of the GSA biscuits was 31.87 ± 25.26%, similar to that
of cracker CD1 and below the ca 38% of cracker CD3, but higher
than the 19.35 ± 1.85 of crackers CU5 and 8 and much higher than
the 10.50 i 4.61% breakage in the CD biscuits.

It may be noted in Table 8 that differences between tie two
cases of the GSA biscuits were larger than differences amnong the
six cans per case3 one case had apparently been handled more roughly
than the other.

lil.A.2.a. Sensory Scores for Appearance and Color. (Table 9)

Appearance and color scores have varied, but there has been
very little overall change in storage iaeans--the 10-item mean of
7.32 at 36 months is almost the sanie as the initial mean of 7.34•.
Items CDl, 3, 6, 8, 10 were scored lower initially (6.76 ± .23);
at 36 months, these averaged 0.50 .ý .38 above initial and only
0.11 %! .15 below the highest scores received in storage. Items
CD2, 4, 5, 7, 9 averaged 7.91 ± .31 on initial scores; at 36 ,ionths
the average was 0.54 ± .26 below initial and 0.26 ± .22 below the
highest storage scoret5. Thus, since initial means of the two
groups differed by 1.15 and the current group difference is only
0.11, with general ,.ean the same as initial, the only general time
effect seems to be an equalization of score levels used by the
judges for the various items.

Te,.iperature changes have been so,•ewhat rore definite, in
response to a general tendency for fading (and in wafers an eventual
slight browning) of samples at 1COF and, in so,,ie instances, a
perceptioie dulling of 40'F samples. Most of the judges conLidered
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the fading at 1COI an L,iproveraent at 6 ,..onths, with the result that
average scores were 7.42 at 1COQ, 7,31 at 700, 7.20 at 4 00, and 7.26
at 01 for that exaLtination. As fading and slight glazing became more
pronounced, the 1000 scores were reduced, averages for 12-36 ,:ontho
were 7.05 at 1000, 7,15 at 700, 7.13 at 4LQ, and 7.20 at C0 . Even
after 36 months, however, the 1GO* samples of cracker CD1 and biscuit
CD6, both darker items, were scored higher than were those froid 0',
and the 40* and 00 samples of the light biscuit CD4, were termed
"duller" than those from 700 and 1000.

III.A.2.b. Hunter Color Values. (Table 10)

Hunter L Values. The general fading and glazing effects of higher
temperatures are seen in the higher L values of Table 10. This
temperature effect has been relatively consistent over the three years
of storage, mean increases per examinaLion period froL. initial to
36 months being 1.11 * .71 for crackers and biscuits and 0.68 % .68
foi wafers at l000F, 0.86 ± .20 for all prcducts at 700, and 0.51 1
.60 for all products at 400 and 00. Periods of greatest increase
ranged from 6-12 iaonths for crackers and biscuits at 700 and wafers
at 00 to 24-36 months for wafers at 700, -,.ost of the maximuyi increases
cotming at 12-18 ,ionths. Highest values were observed at 24 months in
crackers CD5 and CD8, biscuit CD7 and wafe: CD9; all other items reached
highest mean values at 36 izonths.

The smaller increase in mean L value for wafers at 1CO apparently
resulted from a tendency for so,,e samples to darken slightly with
prolonged storage, but variability within samples of the wafers
prevents a definite conclusion at this period. The average extent
of..Ladin. o r' giazing was greater for the darhker wafer (CD10, average
3.92) than for the lighter (CD9, average 3.30), and for the darkest
biscuit (C06, average 5.28) than for the lightest (CD4, average 3.67).
This did not apply uniforimly to the other biscuits or to the crackers,
however, as these six items averaged 4.39 ± .49 without relationship
to lightness of darkenss of baking.

Hunter ":a'l Values. Uith the exception that cracker CD5, the
11reddest" of all the cereal items, tended to decrease less in "a"
or redness at higher temperatures and increase ýiore at lower
temperatures than did other items, the degree of baking was apparently
not associated with either fading or increasing of the red color
co,.;,zonent. Tem-ierature differences were fairly definite at 1CO
and 70'F, less so at 400 and 00.

The extent of fading of "a", and scimething of the relationship
of fading to "glazing"-, which apparently was the main factor in
increasing the L values as noted above, may be estimated as follows:
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At 100F, crackers and biscuits stored three years averaged
0.84 * .48 below initial; itini.wuiji valueb for these products averaged
1.27 -1 ,30 below initial, at periods averaging 11 ± 5 -:.onths for
cracker CD5 and biscuits CL2, 6 and 7 and 33 -1 6 ju-onths for crackers
CDI, 3, 8 and biscuit CD2. Wafer CD9 was above initial at every
examination, average increase being 0.54, with lowest values at 12
and 18 ;.onths. Wafer CDIO averaged 0.20 below initial at 36 months,
lowest values at 21, and 36 ,,onths. Thus it appears that items CD5;
0D/F, 6, 7; and CD9 were browning to soil:e extent at ICOI, and that
continued increases in L values through 24 months for CD5. 7, 9 and
36 umonths for CD4, 6 were due al::ost entirely to glazing of the
surfaces.

ijt 70 0 F, the 36-months "all values for crackers and biscuits
were 0.44 ± .31 below initial, wafers averaged 0.23 ± .08 below.
Minijuin values averaged 0.84 ± .35 below initial, at 30 k 12 months
for CDl, 3 and 2, 4, 6 but 13 - 7 months for CD5, 8 and CDT. Thus
the latter three items were apparently browning at 70', with continued
increases in L values due primarily to glazing. The wafers averaged
above initial "all values fur the three year period, but were below
initial at 36 imonths.

Results were variable at 400 9r.. 'F. At 4.O, cracker CD8 and
biscuits CD2, 6 and 7 averaged 0.3. .09 below initial "a" values
after three years (CD8 and CD7 aveiaged 0.36 below for all examinations)
but the other crackers and biscuit CD4 were 0.53 * .29 above initial,
and the wafers were 0.30 ± .10 above, i,1aximuj:, increases of 0.85 +- .05
for wafers and 0.68 - .16 for crackers and biscuits were attained at
12 ± 6 iiwonths for crackers CD5 and 8 and biscuits CD2 and I, and 24 "± 6
months for other itei.is. Thus soi.-e fading with prolonged storage is
suggested for C08, 2, 6 and 7, and possibly for CD5 and h, but not for
the other four itel-ns.

jit 0°, cracker CDS was 0,4 below initial and biscuits CD2 and
6 were the saae as initial after three years; other crackers and
biscuits were 0.48 - .34 above, and itaximum values for the eight
ite,,is averaged 0.85 ± .26 increase, at 18 t 3 m,,onths for all except
CD5-. afers averaged 0.20 +_ .05 in'crease at 36 x-onths, 1.05 ± .05
,,axiuaw increase at 21 ± 3 .ionths. Thus practically all of the
increase in L values at the lower teLperatures was apparently due to
surface "glazing", as very little fading of red can be dej.:onstrated
except possibly in CD4.

Hunter "'b" Valiues. In evaluating the results of Hunter Color
readings, it was noted that 'b" values for cracker CD3 and biscuit
CDI, were higher than any previous reading for these items, even thor u
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sanples fur both came from the samie cases of 2-,-gal. cans which had
been saipled at 18 and 24ý rionths. Investigation revealed a "b"
,.irror on the Hunter instrui.;ent which somcLii:.,es stuck when standardizing,
suagesting that the CD3 and 0D01 readiinis could Le too high, CD3 by
ca 1.0 and CD4 by ca 2.0. If so, the general .,.can of TablelO would
Oe 21.98, which is the same as initial and the ,iean of 6, 1.8 and 24
months readings, although 12 1:.onths valuej averaged 22.34. Regardless
of whether the CD3 and CD4 readin-Li were incorrect, the general trend
for "b" readings has exhibited ac .iiajor changes exccpt a tendency
toward slightly higher values at higher teL iatures, This is in
line with the fading noted at ICGO and 70°F; no significant decreases
in "b", such as would be expected width serious degrees of browning,
have been observed, although slight browling has been noted in
various samples.

Hunter a/b Ratios. As the predo;.linant color changes of crackers
and oiscuits have been fading at higher tentperatures, a/b ratios have
followed the pattern of changes in "all or r(d coaiponent; i.e.,
considerable decreases at 10°0 F, lesser decreases at 70' slight
increases at 40O and i-oderate increases at 00. The tii-.e effect is
indefinite, as the priinary change associated with tii.me was increased
glazing of surfaces.

GSA biscuit readings are appended to Table 20. The visual
relationships to the color of other biscuits and crackers were noted
on page 19 (abovQ).

III.A.3. Fracture Strength. (Table 11)

There seews to be very little if any significance in fracture
strength variations except a:eonZ groupl of items. For all sa,..ples
ez.maiined, CDO and 4 averaged 1083g, Cb7 and 8 averaged 1173g, CD1, 5
and 10 averaged 11,54g, and CD2, CD6 and CD9 averaged 1637, 1852, and
22C0g, respectively. Initial average was iJ15g, 6-12 months average
1440g•, 18-24 nonths average 1468g, 36 i.ionths average was 1506g; the lCO0 F
and 701/80% sa.ples averaged 11,47g, 70°/57' and 0, sarnples l474g,
and the 140'/ 5 7) sanj,-les 1497g. Differences as s.iall as thece are of
little practical significance, considering the wide range among the
ten items. They have, however, been relatively consistent; i.e.,
there has been a recognizable trend fcr one or both of the 100OF
readings to be sciiewhat lower than one or Loth of the readings on

S70° sai..ples, and for the 4O° values to be higher than those from 00.

As seen in Table 11 and noted above (p.19), the GSA biscuits
were nuar 11averager in fracture strertgth, ca 1/400g.
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1III.A.4.a. Residual Qxygen in Cans, (Table 12)

Due to leaking cui,,., the oxygen content of can atmospheres of
biscuit CD4 averaged 19.7 j- .7% for the six examinations from initial
to 36 iaonLhs. Other iLem;is varied as received, initial averages being
16.8% for wafers, 17,8' for biscuit CD6, 19.5% for crackers CD1 and
CD5ý and 2A.3% for biscuits CD2. and 7 and crackers CD3 and 8.
Decreases have been generally proportional to time, temperature, and
also to magnitude of initial decrease except in CD1 and 3. Values
apparently approached equilibrium lows, however, at ca 18 months for
wafer CD9 and 24 months for other items except CD2 and CD5, which
reached low averages at 36 months.

Excluding item CI4, low averages and 36 months averages, respectively,
for the nine sealed items are: 6.2% (av, 23 months) and 9.3% from 1CO°F
storage, 12.0% (av. 26 months) and 13.8% from 700, 15.4% (av. 29 months)
and 15.9% from 1O0 , and 17.8% (av. 27 months) and 18.5% from 00. The
occurrence of low values at periods before 36 months in 35 of the 54
samples was apparently due to can variations, including possible
errors in readings, under near-equilibrium conditions. Levels attained
by each item at 36 months are shown in Table 12. The GSA biscuits
were comparable to biscuits CD2 and CD7 at the 70' conditions,

III.J,4,b. Moisture Content. (Table 12)

Moisture contents apparently vary only by items, as no consistent
association with either temperature or time of storage has been observed.
The correlations of higher moisture with lower fracture strength in
crackers (-.503 at both 24 and 36 stionths) and with higher fracture
strength in biscuitzs ý+,609' at 18 11,o., +.545 at 24 mo., +.650 at
36 mo.) were maintained, but no such relationship as was calculated at
18 months (+.790) and 24 months (-F.633) was found in the wafers.

aS noted above (p.19), the GSA biscuits had consiaerably less
woisture (1.12%) than any of the other CD products, which ranged 1.62
to 3.59, average 2.71%.

III.A.4.c. Rancidity Values of Fat from Rations. (Table 13)

Peroxide Values. Mean levels of peroxides for 12-36 months of
storage were:

Months 1CO0 F ME 400F 0°0.F
P.V. P.V. P.V. P.V.

12 13.26 3.814 1.68 1.41
18-24 1.C8 .50 .20 .11

36 1.5, .99 .35 .25
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Prioducts ICO__• ' OF 0C0

36 ,.onths P.V. i.V, I1.V, P.V.

c'aclers 2.29 -- liO 1..6N ± "b .7± *,#43 .24 ± .16
biscuits 1.55 ± .87 .5,. t .20 .27 "- .10 .26 - .09
waf ers ,16 -1- .12 .15 - ,11 .27 - .12 ,25 * .13

These values correspond very weln with se:,,ory ratings for the
various iteas, and are typical of "ILL-uiljb~iUri;X C.nditi~, 3 such as
have apparently been established in -.ost of the cans. Values for
crackers and biscuits are higher thin those at 214 ..onlhs, and with
thi relatively static headspace oxy[:Q paLtern, iL is probaLle that
soiae of the peroxidation occurred -ftyr th can •..e"ere opefled for
saaiipling and fresh air supplies were thus ;.ade available to Clush
away reaction gases which had accu.,ulated in the sealed spaces,
"Wafers, however, had lower values than a" 21, .uonLhz in tht- 70'F and
lower conditions, indicating i,.oru advanced stag,-s of' cxidation (beyond
the early or peroxidation Fhases) duri.gii the third year and at least
corresponding to the tendency f£,r the lowver-tei..jerature 3ai,ples to
score lower than those frtý:,. 1CCi.

Free fatty acids. The relatively sharip increase in free fatti
acids at 1COF, as ccmapared to iCG0 levels at 18 and 24 unonths, furnishes
part oZ the basis for the suggestion that increases in 1-eroxides in the
hi~her-te.;perature sai.,ples :;.ay have taken place after the cans were
opened. Free fatty acids tend to increase under condit'Lons which
retard poeroxidation; in active ozidation syste,,is, free acids usually
decrease, as they are i•:ore readily oxidized tnan aru intact fats. Thus
accunulation of .dxtures of various reaction gases and water vapor,

favor hydrolysis and depreLs further reroxidation %-Ahile the cans
rem1ained sealed.

During the third yQar, increases in free fatty acids for all
items averaged .098/V', u.d the 36-r.:onth3 average was .089% above the
combined previous averas;e for all itei..3 except CD6, which rei..ained below
initial. By storage conditions, coLupared to :.1evious high values,
these increases averartJ .181, at 1CC"F, .010 at 70' and 1,0, none
at 0O. lhus the inc, -c was practicalij all at 10; 3-year values
at this teml-,erature r,, 1 ged fro;,. .160 ic .850, with an average of
.514, a* cooz.pared to initial average of' .280,. The T.can differences
betvwiea 10c0 and the iowe, te-]pratuur-s at each v::ai.idiation period
fro-i 6 through j6 w.onths .ere X.26, .046, .057, .101, and .231. It
thus becom:es apparent that ncne of the ite':, were designed for
*irolonged storage at. iCC0-- even biscuit C.;6 was up ca .C4 ,., though
averaging ca .03'0 Lecew initial aL other condiLicns.



iis noted in Table 13, peroxido values Qf the C-6A biscuits were
lower (0.25) than those of the CD biscuits or crackers; free fa~ty
acids (0.26) were higher than those of biscuits CD2 and CD6 and
crackurs GDI and 0D5, but lower than the other six CD Items. The
GSji ,rcduct was not described as rancid or particularly stale by
the score panels,

III,A,5.a. Sensory 6cores for Texture, Aroxa and Flavor. (Tables 9 & 14)

Texture scores have varied quite a oit for the darker itetas
such as crackers CD1 and CD5, biscuit CM6, and the wafers, as these
were ij.ore unevenly baked than were the lighter products, There
has been no serious decrease in the scores, but a tendency toward
extra br~ttleness has been noted in• sam-Aples from higher teirperatures,
beginning at 12 morths, Differences between 100F samples and those
fromd 700 increased froa .05 at 12 months to .43 at 36 rrtonths (.54 if
wafers are omitted), while products froL. 40 and 0- were rated above
1000 sai,,ples by average differences increasing from .24 at 12 months
to .54+ (.62 without wafers) at three years. This trend amay be observed
in the texture scoi-es of Table 9.

The levels to which aroLma and flavor scores have been reduced
by storaGe at higher tem,;eraiures is shown in Table 14. These
rep.-esent the following decreases froia initial or (in items with
low initial scores) previous high scores:

Crackers Biscuits Wafers
aroc... flavor arori;a flavor aroma L&avor

3.00-F 2.90 -1-.4 2.49 .1.55 2.79 :L,66 2.79 -1-1.14 1.08 -. ,39 .38 -L.05
70•E .71 :.t37 .38 ±.27 1,18 -±.42 1.29 ± .64 1.30 :.20 .73 -&.,20

400 0&rF .14 1.29 .20 %-,16 .38 ±o67 ? 1.1 ± .4,1 .68 *.19 ,03 ±.26

The greatest decreases in aroma scores were noted at the second
year froma both 1C00 and 70' storage. The flavor of 1000 samples also
decreases most during the fourth 6-i-onth period, but the slight
decreases in flavor from 700 storage were gradual and relatively
variaole. The s:-alle:7 decreases i; wafer scores resulted from lower
initial scores and higher 36-jn;;o:iths score* than those for crackers
and biscuits; it is seen that wafers from 70' were scored no higher
than those froi. 100 after three years.

The judges on the sensory evaluation panel considered all of the
l001 crackers, and biscuits CD2 and CD7 fro;. 1CO0 storage, to be
'.tefinitely borderline in acceptability at 36 m.cnths.
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Il.L~.5., kedunic znat~inga fre itrco-a, Fiuvtr J4.oi Palal-ability. (TabLe 15)

At 36 Ai~onths, .,-ean docre-A-- frc,.. ipreviou3 1highs: f~r Led,).ic
ratings were as follows:

Crackers I iSiCUit3 a'v
arom~a & arCI:'.J U arc;:a St
flavor palaalýUILv t'Iavir 1, L 7L~i L t t0 a vc'r rabiitvJ

1C0 0F 1.73 -1,21o 1.18 -±,26 1,714 --k- % 1.31 t-15 .13 -1.10 .10 %.09
7QoF ..26 -X.29 .)0 -1-.20 .65 ~.7 .75 *-.12 .0, 1-.15 .22 ±.13

40*&&'F .19 w.15 .4218 %t.l9 .48 *.26 .5)5 *±L.17 -.16 '±2*-.26 -1.C6

*RaLinga averaged higher than at. any previous examination.

Refercence to Table 15 will show Lhat. a C(ow af the cracker
samples fromi 1GO"F were at thu Lordarlinv (4,CO) or. aroza~ and flavor.,
but all palatabilit~y rating* were aecet.Labla Ly tLhi criterion. The
periods of greatest cku.ongus irn rating.Cz aver-agc 18-24 11.onth* frc
crackers and blscult.3, 6-18 iionthi fur wafers at. IGCUF; 12-id _.cnths
for crackers and 18-2k zronths for biscuitz; and wafer3 at 700, and
12-18 i~onnths for cra_-S~ers ard 24,-3.6 ;-i~h for' biscuits and wafers
at. 4Q0 and V0 , Thcs.ý correspondea reolaLiVuJy Well Witn jeriCdG
following peaks in peroxide value3 at hiigher tccrpuraturu* or "breaks"1

in peroxide levels a-. IC0 and 0'; i.e., 'wiih expectect ox-Idatien
patterns in tho Seal.'d Cara.

as seen in Table ýlj the GIJA tiscuits scored aibout average or.
tatuo 7.2) -10 r-~ and l'oo ~e ('hhi o .) thcý r-SA

product. was cciwpu.rra Lle to biscuit. C_-2 but acove Other CD item~s
oxcept. cracker Cjl* on airo,.- (6.58), an~t above all1 iwU:, except
biscuit. CL6 cr, flavor (6,80). Hevdoinic ratings wxore also cuý.+;arativqely
high; a5 given in Tanic 15, -'rcr~a rated 6.31, flavor 6.53, riaatabil.i-ty
6.57, in each instancu hi,-,her thxin tht- other CL) A.Lems except. biscuit
GC)2. in general, thc product frOm:. LhQ Genreral *ervicte.; wareci-.ust
wa.. in good condition aftor 3,2 years of ccij.rOn storage.

il1L.A5,c. GorrelatL.nz; of iIalatauility iiaiin.& wai( Oiter NLa~uiQ:ý.entzi.
Mulae 16)

The correlatLions siio~u, in Taulcv 16 are " out Of CC-1texti'
wh en ubserved asi a jin~ltz set cf viluu--; i.e., L110 actual ic-laning

tinesse relatiOnI.;nij+S, the 1cutai1"d awtrrta C il'j .,e d.L~cu3;.ýC
it. hefinal rel-ort. of tPre current ,tudy.



In g7enura], L h currvldtivns wiLh |1unter Gclor values have

dupended om the fact that the prvdL...• anL ccior change has Leen
fading at igher teu.I•oratures, which have also been assoclated
with reductions irn nalatability r-l igi,) •thu correlations with
HtunLer "L" and "U" are gunerally t , as these values tend
to increase with fading and 6urfuce Vlazing, while those with Hunter
"all and a/b are positive, sinctc rod awti red/yellow values remain
higher ill the non-faded or low,•r-Le..;i<.iaturi• sair..les, t'ote
howovvr, the 6wltch it. the "all" biucuiL correlations--the panel
imeIj.er.s, while scoring ighLter wilhin-iten samples down because of
tej..poraturu of fect, atill Lend to prefer the lighter items within
product types.

Correla lion with JraetCUIzr, strength and j..ois turo conLtnt have
varied considerably) thur, Leing s -., su.-,-ejtion of higher fracture
at lower toa;peratures, uuL no ccnsist;t•.t [.altern with iiuoisture
content. Oxygen content and rancidity values obviously and
expectedly follow temperature and tiae effects, and agreemibont
of sensory quality scores withl hedonic ratings has increased steadily
in crackers unU bizcuits, though not izn the less typical wafers,

B. Cartohydrate 6upple.,ents

The hard candy ite•-s were exa::dned after 18 and 21, months in
the period covered by this report, and data in Tables 17-26 includt
UQth uxai•:natioms. kosi of the dicusSion below will enphasize the
condition of the prcduct after 21. ,.xrLhs.

Measurei;.ents of inturrnal size and length of to-) lips of candy
bags were discontinued atezr 12 ..rcnths. Counts of usable bags per
.an and measureiiients atid tosting of bag seaois are being cont.I.nuId,

The cumnulative nmi:xers of usable Uags through the 24-.aonths
exa:.Anations were as follows;

fpr can CD1 1 %_,D12 i h "

2) -, 7 1.4 ', .; 6,?

20 tk. , ,5 87.c 8C0.2
"- 5 ,6 -5.9

i'I,6,i) (I u) i,) 3.'5 - 119

I .- 3.7" - ,.
:'o;•1,9 !.f -- 1.2
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All cans except those (2) with none had 19 or ,-ore bags; the (8)
cans listed with 17, 16, 15 or 11 usable bags had 3, 4, 5 or 9
bags with only one extra-wide seam.

Seam widths vary considerably froii the "norLal" *-inch.
Cunulative data through 24 risonths were as follows:

Seam t th Percentagu of Sea,,is
16ths i.,,-OCD1l CD12 CD13 iMiean

09-16 - 3.5 1.4 1.6
08- 1.0 9.1 3.4
07 1.1 1.6 9.3 4.0
06 17.5 11.7 10.9 13.3
05 - 1.1 - .4
04 69.0 73.3 67.8 70.0
03 3.9 3.7 .4 2.7
02 7.5 .7 1.1 3.1
01 1.0 2,0 - 1.0
CO - 1.4 - .5

Seam test results, by pericds, are given in Table 17. While
the results were extreciely v-ariable, there are suggestions that
nibilbers of seams separating, linear extent of separation, and
nu,:iber of seams pulling ccompletely apart (CD13 bags only) are all
increasing slightly with time in storage. There appears to have
been no consistent association of seam failulre with sr
tempe;-atures or with leaking cans during the first two years of
storage.

III.B.l.b. Condition of Candy. (Table 18)

Total counts of yellow and red pieces, unsanded pieces, and
off-color and off-shape pieces were discontinued after the first
year, as these are forisul.ation and packing variables not influenced
by storage. Determ.inations of clui:.ped pieces, chipped and broken
;.ieces, and of lcose sugar and bits of candy which passed an 8-mesh
screen are given in I'aole 10.

Clu~iL)inr or jieces stuck together has been sos,.owhat variable
in (CDiI, includling sone association with leaking cans but no
consistent association with storage conditions. ?ericd maeans for COLl
ranged ca 1.2-2.41- as coaipared to u .C;-O.131 range fr- clumping
L.n CD12 and 0.24-O.461k in CDI3.

br-~aLag• of piecui hias also teen variatle, with no apparelt
a-.. ciat-J.- '-ith any storagc factor. [ ericciic ._cans for thc three
ite; -a L.1--"-, 3.>-24.i<, and ,9-7.L,. for chipped pIJeces,

di A. -28-



and 0.24-2.65%, -0.60-0.25%, and 0.36-3.03% for broken pieces in
excess of chips from the chipped candy. Several cans of CD12 had
fewer broken bits than the amount required co restore the chipped
pieces to norual weight, indicating chips lost before the candy was
packed in the cans.

Loose sanding suugar and bits of candy passing 8-mesh screen
ranged, by periodic means 2.4-3.6% for CDII, 0.-3-0.66% for CD12,
0.36-1.08% for CD13; again there was no apparent association with
any storage variable.

III.B.2.a. Sensory Quality Scores, Appearance and Color. (Table 19)

The general means for appearance-color scores have varied
relatively little, averaging 7.66 * .13 for the four examination
periods. As the candies tended to darken and appear slightly
glazed at higher temperatures, the OO°F and 70°F samples were
consistently scored lower than those from 40 and 0, but the
reductions of l001 and 700 scores were partially compensated by
inereases in scores for the lower temperatures. Maximmn temperature
difierences were 1.50 at 1000 after 18 months and 0.48 at 700 after
24 months; mean differences were 0.99 for 1CO and 0.30 for 70° at
these periods. In general, color and appearance were not seriously
affected by two years of storage even at 100n.

III.B.2.b. Hunter Color Values. (Table 20 and 21)

The Hunter values for the lemon or yellow candies exhibited
no consistent pattern of change, as the variations among cans and
cases were quite large (Table 20). Visual inspection of the 1000
and 70'F samples revealed noticeable variations in "darkness" or
dullness among individual pieces, but some of these were also
observed in lemon candy frora lower temperaLures--the only indication
of a trend was the slightly lower "b" values at 24 months.

The cherry or red candies were also quite variable (Table 21),
and most cans of CDIl and CD12 a-o 24 zronths had slightly redder
pieces than at 18 rionths. There was, however, a very moderate
but fairly consistent darkening in the 100OF samples of CD12 and
CD13, which is i±ius3t-vcd oy the decreases in the "b" or yellow
componerit of color, In general, color changes in either type of
carbohydrate supplement have been considerably less than the
differenc.ýs a:-,ong replicate cans.

II.B.3. Fracture Strength - Not applicable to candies.

III.B.4.a. Residual xcygen in Cans -bo deter:ained in candies.
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III.B.4.b. Moisture Content. (Table 22)

The mean moisture content for the three supplements when
sa,.ipled initially, as average of item means, was 1.40 ± .08%.
Storage means on the sarme item basis were 1.77 ± .15 for 6 and
12 months, 1.41 * .19 for 18 and 24 months. As standard deviations
of rooms within items and of cans within rooms were - .18 and
+± .17 at 6-12 months, ± .16 and ± .11 at 18-24 months, the
6-12 months moisture values were definitely higher than initial
and 18-24 months values; the cause of the increase at 6-12 months
has not been determiined.

Only two apparent differences associated with storage conditions
have been observed. Cne is a general tendency for mioisture from
O°F samples to be higher than that from other rooms. By items,
this increase averaged 0.24 _+ .26% for CDl1 (2 of 20 comparisons
were higher than 00), 0.09 ± .09% for CD12 (3 of 20 comparisons
higher than 00) and 0.04 t .09 for CD13 (6 of 20 comparisons higher
than 0°), so the trend was not absolutely definite. The second
difference was an apparent reduction of moisture in the 1000F
samples of CD12. This reduction averaged 0.14 ± .05 (1CO samples
lower in 30 of 32 cow.parisons), so was relatively definite, but did
not apply to items CD11 or CDl3.

The only other difference observed in moisture was between
yellow and red types in item CDl3. Of 52 cans examined in this
item, yellow averaged 0.38 ± .17 higher than red in 36 cans. red
0.l' ± .09 higher in 16 cans. Thus most of CD13 red was apparently
less hygroscopic than the yellow, possibly as a result of slightly
higher end-p-oint temperature in cooking the red candy.

III.D.4.c. Rancidity Values - Not applicable to candies.

III.B.4.d. pH Values. (Table 22)

Ais with moisture, pH values were also higher at 6-12 isonths
than the initial and 18-21, jrmonths values, and again the cause of
the first-year increase has not been determined, although a meter
error was suspected. Data Ix Table 22, as room averages and can
differences, show that there were two cases, or four cans, of
CD11 with pH averaging 0.71 ± .04 lower than the other eight cans
of this item at 24 .,:onths. Using the "normal" average of 6.48 for
these low cans, periodic amean i.H values, by iteirs, were 6.67 ± .09
for initial, 6.9/ ± .09 at 6-12 months, 6.70 ± .10 at 18 -,onths,
and 6.56 ± .08 at 214 m:onths.
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As determined, CD13 averaged 0.25 ±_ .15 higher than OD11 and
0.08 t .06 higher than CD12. Samples from O°F averaged 0.22 -1 .24
(16 of 20 comparisons) higher than other samples in CDl1, 0.08 1
.08 (18 of 20 comparisons) higher in CD12, and 0.06 ± .08 (14 of
20 comparisons) higher in CD13, the differences being largely in
lower 1000 values (0.15 ± .14) with the exception of the low values
in CD1l (700/57% and 1+00/57%) at 24 months. The only color-connected
pH difference was in CD12, in which the yellow candy averaged 0.18 ±
.12 higner than the red in 34 of the 52 cans which have been examined
(the other 18 cans averaging 0.04 * .04 higher red).

Correlations of pH with moisture were +.735 for yellow candies
and +.722 for red candies (although CD13 red had a negative correlation).
These include the highest or second highest positive correlations
during the two years of storage for CDll and CD12, but CD13 yellow
has been quite variable and CD13 red has changed more or less
progressively from +.426 at 6 months to -. 633 at 24 months, This
negativity resulted from higher pH with lower moisture; the reverse,
or lower pH with higher ij:oisture, which would be expected to result
in hydrolysis of sucrose, has not been observed to any serious
extent except in the low-pH cans of CDll at 24 months.

III.B.4.e. Sugar Contents. (Table 23)

As with most of the other values determined in the candies,
sugar contents were characterized mainly by their variability, which
was greater at 24 months than at other periods in all parameters
except dextrose in CDI2. There was no definite temperature pattern,
although dextrose in swaples of CDll from 1.00*/80% was somewhat
higher at 18 and 24 i:ionths. An apparent time change, involving higher
dextrose and lower sucrose in CD11 and CD13 at 18 and 24 months,
resulted largely from the occurrence of certain "odd" samples,
particularly in CD1l.

Examples of the "odd" saiples were as follows: at 18 months,
both cans of CDIl from 100"/80% were low in Hunter L, and in "b"
for yellow candy only, and more positive in Hunter "a" and a/b
(i.e., the yellow candies had less green and the red candies
more red); pH was normal, ,:oisture low, yet dextrose was high and
both sucrose and total sugar low in candies of both colors. This
could have been a temperature or a formulation effect. At 24 months,
both cans of CD1l from 1000/80% were also high in dextrose and low
in sucrose, out all other parameters were normal. Also at 2L moonths,
candies CD13 fror, 40/57% were high in dextrose and low in both sucrose
and total sugar, with everything else within normal ranges. Finally,
the "oddest" saAiples encountered were all four cans and both types
of candieu (lemon and cherry) of CDl1 fromA 700/57% and 400/57% at 24
:,onths. These had normal color, but were unusually high in dextrose
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and low in sucrose and total sugar (Table 23), and also unusually
low in oH and moiuture. The "off-noruail" sugars could have resuLlted
froji hydrolysis at the unusually low jH, but formulation variations
seem, a strong probability in all of the "odd' ss.ples.

In view of the fact that hydrolysis of sugars should be associated
with low pH and high .Ioisture (as well as with high te,..pera Lures,
which aipparently had no consistent influence), correlations of pH
with ,cisture and of both values with the various sugar measureiaents
were investigated. As noted above in the conwnents on pH, there were
no significant combinations of low pH with high moisture; all candies
had correlations of high pH with high moisture except CD13 red, which
had high pH with low ,.oist ure. Thus Fh-,moisture relationships were
not such as would be expected to sti!.iulate hydrolysis of sugars.

Relationships of pH and moisture, considered separately, with
sugar values were as follows: Lower pH was significantly co.'related
with higher dextrose, lower sucrose, aad higher dextrose/suciose
ratios within the three items, 1.ostly CDll. Eliminating the eight
low-pH samples and sub-samples of CDII, however, reversed the trend
to an extent sufficient to afford a by-itemis correlation of higher
pH with higher dextrose and lower sucrose. This tends to confirm the
assumption that "odd" samples rather than trends were chiefly
oharacteristic of the sugar values.

"With respect to ,moisture, the correlation of low ii-oisture with
high dextrose and low sucrose and total sugar was due largely to
CDli ;odd&P samples; ciiminating these again reversed the t" end (to
higher moisture with higher dextrose and lower sucrose) in a few
instances) but largely eliminated significant correlations of any
type. Thus there seems to have been no consistent association of
pH or moisture values with sugar values, except in some of the off-
formula sa,.iples, in the first two years of storage.

III.B.5.a. Sensory Scores for Texture, Arox.a and Flavor. (Tables 19 and 24)

while three texture 1 'defects"' have been noted with sufficient
frequency to assu,, their reality, nune of the texture scores
(Table 19) have cxhibited any consistent association with storage
ti..:e or teiperature. Gverall averaagcs a'v 7 .69 for CDll, 7.80 for
CD12 and CD13. The "defects" noted were a few pieces (mostly at
6 and 12 months in high te, .perature,) which •,'ed to have a less-
hard surface shell, various sa,...les in which candies seemed excessively
brittle (agairn m:ostly at higher ttem1:cratures), and scme cans in which
the candies seemed e;,cessively "tough'l, these i.ostly at lower
tej:iperaLuures. ilone of these has occurred with sufficient consistency
for statistical significance at an-y co:: uiL I'&n of storage.
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Both aroma and flavor mores decreased with storage at 1CO° and
70°F (Table 24). For aroma, initial average by items was 7.57 ! .19;
the 18-24 months average at 409 and O°F was 7.51 L .10, or essentially
no decrease. Scores for aromiia of 700 samples averaged 0.29 i .23
below 40*-O0 scores at 6-18 waonths, 0.53 1- .28 below at 24 months.
The aroma scores for 1CO samples were 0.75 1 .36 below 140'-0 scores
at 6-18 months and 0.93 * .07 below at 24 months. Decreases were
ascribed to loss of typical aror.:a and eventual development of off
or "terpene" aroma, particularly at 100F.

The initial average for flavor, 7.70 ± .27, was almost tha same
as the 18-24 montns flavor average of 7.72 ± .30 for 40-00 samples.
Scores for 700 samples averaged lower than those for 400-00 samples by
0.30 ± .30 at 6-18 months and 0.32 - .21 at 24 months; i.e., the 700
samples averaged lower than initial, but changed very little in flavor
from 6 to 24 months. Sa,.iples from 1000 averaged below 40°-0° samples
by 0.78 ± .29 at 6-18 ,ionths and 0.88 -1 .19 at 24 months, indicating
a i1.oderate time effect. Flavor was scored down largely from "flatness".
with slight "terpene" off flavor during the second year 0 ,torage
at 100°F.

III.B.5.b. Hedonic Ratings for Aroima, Flavor and Palatability. (Table 25)

The hedonic panels rated practically no difference between
flavor and palatability (as seen in Table 25), so the hedonic ratings
iay be evaluated as aroma and flavor-palatability. Initial averages

by items were 6.89 -. .12 for aroma and 7.57 ± .21 for flavor and
palatability.

The 40°-0°F average rating for aroma, by items, at 18-24 months
was 6.78 "± .17, or only slightly less than initial. Compared to the
400-00 ratings, arowa for 700 sa .ples averaged 0.04 ± .07 less at
6-18 months and 0.19 ± .01 less at 24 j,,onths; aroma for 1000 candies
averaged 0.21 ± .17 less tnrid 40"-0' candies at 6-18 months, 0.54
.21 less at 24 months.

Flavor and palatability averaged 6.98 :- .14 from 40°-O°F at
18-24 months. The samples froi., 700 averaged the same (.09) as the
400-0° samples at 6-18 months, 0.15 ± .05 less at 24 months. Candies
from 1000 were rated 0.14 t .23 below 400-00 candies at 6-18 months,
0.43 - .17 below at 24 amonths. Thus the greatest change in flavor
and palatability ratings was the drop frc.a initial; apparently the
"novelty" wore off with repeated scoring of this product and the
ratings dropped more for this reason than for the slight off flavors
which were nottd in 100°F sam.,ples.
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ILl.B.5.c. Correlations of Palatability Ratings With Other Measurements.
(Table 26)

The correlations given in Table 26 are for the 24-months
exaidnations, as correlations before this period were practically
meaningless. As seen from the present coefficients, there is still
relatively little significant relationship between palatability and
obher measurements except the sensory quality scores. In other
words, the teiiiperature differences have become definite enough on
aroma and flavor for the examining panel and the hedonic panel to
agree, at least on CDll and CD12, to a significant extent.

The only other significant correlations are with Hwuter L on
red candies in general and a/b on red CDI2, and with saoisture content
of 0D12. The panel preferred the lighter or more glossy 0D12 over
the darker or duller CD13 and CDI. The preference for higher-
moisture samples of CD12 apparently resulted from the fact that the
70°F and lower candies of this item happened to average 0.32 ± .02%
higher in moisture than did the lOO samples.

In general, the candies have changed relatively little with
storage, so the predominan't lack of correlations with palatability
ratings is not surprising.
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